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ABSTRACT 


This research examined the antimicrobial effect of Lavandula stoechas (lavender) 
and Origanum majorana (marjoram) essential oil against three pathogens: Staphy- 
lococcus aureus, Streptococcus agalactiae, and Escherichia coli. Gas chromatogra- 
phy-mass spectrometry (GC/MS) analysis revealed that the main components of 
the lavender and marjoram oils were 17-Pentatriacontene, Linalyl acetate, Eucalyp- 
tol, linalool and 3-Cyclohexene-1-o0l,4-methyl-1-(1-methylethyl)-,(R)-, a-terpineol, 
P-cymene, respectively. Broth dilution testing was performed using autoclaved whole 
milk instead of broth to determine minimum inhibitory concentration (MIC) and 
minimum bactericidal concentration (MBC) of essential oils alone and in combina- 
tion. In addition, time-kill assay of lavender and marjoram oils were determined in 
milk up to 24 h. MIC values ranged from 3.12 - 4.37% v/v and MBC between 6.25 
- 8.75% v/v for the lavender. The MIC and MBC of the marjoram ranged from 0.62 
- 1.87% v/v and 1.25 - 3.75% v/v, respectively. The MIC ranged from 2.5 - 5% v/v 
and MBC between 5 - 10% v/v for lavender + marjoram combination. In time-kill 
assays, the presence of lavender and marjoram oils at a sub-MIC concentration sig- 
nificantly reduced the bacterial population in 4, 10 and 24 h. Generally, essential oil of 
marjoram had greater antibacterial activity than lavender against all mastitis-causing 
pathogens tested and has the potential to be evaluated as an alternative or adjunct to 
antibiotics in the treatment of bovine mastitis. 


5 | Abbreviations 


Antibacterial activity, Lavender, Marjoram, Organic MIC: minimum inhibitory concentration 
farm MBC: minimum bactericidal concentration 
GC/MS: gas chromatography/ mass spectrometry 
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Introduction 


To of bacterial diseases are often en- 
countered problems of increase in drug re- 
sistance and side effects of conventional medication 
[1]. In this context, natural products have a key role 
in discovery of alternative drugs [2]. Secondary me- 
tabolites of medicinal and aromatic plants present 
key candidates for discovering antimicrobial agents to 
fight against numerous microbial diseases. 

Essential oils (EOs) have antibacterial, anti-fun- 
gal and antiviral activity and have been studied for 
finding new antimicrobial compounds, alternatives to 
cure microbial diseases [3]. Essential oils show anti- 
bacterial effects, therefore, the study of EOs antibac- 
terial effects against bacterial agents is justifiable [4]. 

Lavandula is a medicinal plant from the family of 
Lamiaceae which is traditionally utilized to overcome 
diseases [1]. Antimicrobial [1,5,6] and antioxidant [7] 
activities of L. stoechas EO have demonstrated in sev- 
eral studies. 

Origanum majorana (marjoram) from the Lami- 
aceae family has been used in traditional and folklore 
medicines for many disorders of gastrointestinal, re- 
spiratory, cardiac, and nervous system. Chemical con- 
stituents such as monoterpene hydrocarbons, oxygen- 
ated monoterpenes, and phenolic compounds have 
been isolated from marjoram essential oil. In pharma- 
cological studies of marjoram, antibacterial, antifun- 
gal, antiprotozoal, and antioxidant activities have been 
reported in modern medicine [8]. 

Different diseases are caused by Staphylococcus 
aureus, Streptococcus agalactiae, and Escherichia coli. 
Mastitis is a common and important disease that can 
be produced by all these bacteria. The main causative 
agents of bovine mastitis are bacteria such as Staph- 
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ylococcus aureus, Streptococcus agalactiae, Escherichia 
coli, Klebsiella pneumonia [9] and Coagulase-negative 
staphylococci (CNS) [10]. 

There is an increasing need for new antibacteri- 
al agents to treat and control bovine mastitis, so we 
investigated the antimicrobial activity of these EOs 
in milk instead of synthetic laboratory medium for 
future application as an intra-mammary infusion in 
cows. Bacteria must survive and replicate in mammary 
gland to induce an infection [11]. Moreover, albumin, 
starch, and fat of milk can potentially interact with the 
antimicrobial constituents and reduce bioavailabili- 
ty of EOs [12]. Therefore, in the present study, milk 
was selected as the in vitro model for evaluating the 
antibacterial effect of lavender and marjoram EO for 
mastitis treatment. The antibacterial activity of EOs 
was determined on Staphylococcus aureus (S. aureus), 
Streptococcus agalactiae (S. agalactiae), and Escherich- 
ia coli (E. coli). 


Results 


Chemical composition of the essential oils 


GC/MS analysis revealed that the main compo- 
nents of the lavender and marjoram oils were 17-Pen- 
tatriacontene (42.15%), linalyl acetate (26.82%), 
eucalyptol (18.87%), linalool (5.7%), and 3-Cyclohex- 
ene-1-ol,4-methyl-1-(1-methylethyl)-,(R)-(44.84%), 
a-terpineol (6.83%), P-cymene (6.75%), respectively. 
(Tables 1 and 2). 


MIC and MBC 


The MIC and MBC of lavender and marjoram 
EOs on the mastitis bacteria are shown in Table 3. Al- 
though lavender, marjoram, and marjoram + laven- 


a composition (relative % of peak area) of essential oil of lavender determined by GC-MS 
analysis. 
RT Compound % 

3.635 17-Pentatriacontene 42.15 
4.117 1R-a-Pinene 0.73 
5.909 m-Cymene 1.73 
6.024 D-Limonen 2.4 
6.099 Eucalyptol 18.87 
7.667 Linalool 5.7 
9.765 p-Menth-1-en-4-ol, (R)-(-)- 1.11 
11.577 Linalyl acetat 26.82 
12.433 Lavandulol acetate 0.48 


RT: Retention time on HP-5MS column in minutes 
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Table 2 
Chemical composition (relative % of peak area) of essential oil of marjoram determined by GC-MS analysis. 
RT Compound % 
4.11 Bicyclo[3.1.1]hept-2-ene, 3,6,6-trimethyl- 1.39 
4.83 Sabinen 1.5 
5.739 Terpinolen 1.63 
5.909 P-Cymene 6.75 
6.011 D-Limonene 1.55 
6.086 Eucalyptol 2.58 
6.676 y-Terpinene 4.96 
6.961 Bicyclo[3.1.0]hexan-2-ol, 2-methyl-5-(1-methylethyl)-, (1a,2a,5a)- 2.17 
7.667 Linalool 5.12 
7.722 Terpineol, cis-B- 4.58 
8.312 2-Cyclohexen-1-ol, 1-methyl-4-(1-methylethyl)-, cis- 1.97 
8.76 4-Isopropyl-1-methylcyclohex-2-enol 1.41 
9.792 3-Cyclohexen-1-ol, 4-methyl-1-(1-methylethyl)-, (R)- 44.84 
10.145 a- Terpineol 6.83 
11.544 Linalyl acetate 3.45 
12.209 trans-Ascaridol glycol 1.5 
12.677 1,4-dihydroxy-p-menth-2-ene 1.46 
13.438 4,4-Dimethylpent-2-enal 1.46 
15.97 Caryophyllene 2.03 


1H-Cycloprop[e]azulen-7-ol, decahydro-1,1,7-trimethyl-4-methylene-, [lar- 
19.758 1.42 
(1aa,4aa,7ß,7aß,7ba)]- 


19.873 Caryophyllene oxide 1.38 


RT: Retention on HP-5MS column in minutes 


Table 3 
MIC and MBC of lavender and marjoram essential oils against Staphylococcus aureus, Streptococcus agalactiae, 
and Escherichia coli 


Bacterium MBC (%V/V) MIC (%V/V) 

Escherichia coli 6.25 3.12 

Lavender Staphylococcus aureus 8.75 4.37 

Streptococcus agalactiae 7.50 3.75 

Escherichia coli 3.12 1.56 

Marjoram Staphylococcus aureus 1.25 0.62 

Streptococcus agalactiae 3.75 1.87 

Escherichia coli 5 2.5 
Do diia Staphylococcus aureus 10 5 
Streptococcus agalactiae 10 5 


RT: Retention on HP-5MS column in minutes 
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der essential oils displayed antibacterial effects, mar- 
joram oil was the most effective against the bacteria. 
Marjoram had the lowest MIC and MBC for the three 
pathogens compared to the other two essential oils. 


Bactericidal kinetics of the oils 


The bactericidal kinetics of lavender and marjo- 
ram against mastitis bacteria in milk were shown in 
Figures 1, 2, 3. The initial population of bacteria in the 
control and treatment groups for the three bacteria 
was approximately 6.0 log10 cfu/ml. The population of 
bacteria reached about 12 log10 cfu/ml in the control 
group during the 24 h incubation period. The pres- 
ence of lavender and marjoram at a sub-MIC concen- 
tration significantly reduced the bacterial population 
to 3.59 to 4.68 log10 cfu/ml in 4, 10 and 24 h except 
for lavender that insignificantly decreased E. coli pop- 
ulation to 5.31 log10 cfu/ml in 4 h. However, the time- 
kill assay and MIC and MBC experiments showed the 
antibacterial effect of lavender and marjoram in milk. 


Discussion 


Bovine Mastitis is an important disease in organic 
farms due to its prevalence and lack of efficient cures 
for that. There is a growing need for organic antibac- 
terials that can be used in dairy farms. A growing need 
is for organic antibacterials, which can be used in or- 
ganic dairy farms, that do not emerge antibiotic resis- 
tance. It seems that the possibility of drug resistance 
decreases when a dairy herd transits from convention- 
al to organic status [13]. 

The broth dilution method is frequently used to 
study antimicrobial efficacy of different essential oils 
[14], but milk was used instead of broth in the pres- 
ent study to mimic the udder environment. Moreover, 
hydrophobic properties of lipids and other lipophilic 
molecules of milk may reduce the antibacterial activ- 


1] 


Figurel 

Survival curve of E. coli in milk containing 0% (control, blue) 
and sub-MIC concentration 

of essential oil of lavender (red) and marjoram (green). 

«Values that are significantly (P < 0.05) different within the same 
time are indicated by different letters. 
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ity of essential oils on mastitis-causing bacteria [15]. 

This work has demonstrated that the major com- 
ponents of the lavender EO were 17-Pentatriacontene, 
linalyl acetate, eucalyptol, and linalool. Main compo- 
nents of lavender were reported to be fenchone, cam- 
phor, and terpineol from Morocco [1] and fenchone, 
eucalyptol, and camphor from Spain [7]. Ashghari 
et al. reported camphor, 1,8 cineol, linalool, borneol 
and Mashak et al. found 1,8 cineol, borneol, camphor, 
linalool as main components of lavender EO in Iran 
[16,17]. Some of the aforementioned compounds were 
absent in our study that was in agreement with Car- 
rasco et al. who declared that the main components 
of lavender had high variability even in the common 
constituents, i.e. camphor (0-49%) and fenchone 
(0-66%) [7]. This shows that study of biochemotypes 
existing in the different locations is important. 

In the present study, main constituents of mar- 
joram were 3-cyclohexene-1-ol,4-methyl-1-(1-meth- 
ylethyl)-(R)-, P-cymene and linalool. Hajlaoui et 
al. reported that the Tunisian marjoram EO mainly 
consisted of terpinene-4-ol, followed by cis-sabinene 
hydrate, g-terpinene, and P-cymene [18]. The main 
components of the Venezuelan Andes marjoram EO 
were reported cis-sabinene hydrate, terpinene-4-ol, 
g-terpinene, a-terpineol, trans-sabinene hydrate, lin- 
alool acetate and a-terpinene [19]. In a study, terpino- 
lene-4-ol, y-terpinene, and a-terpinene were reported 
as the main constituents of marjoram EO in Iran [20]. 
Factors such as species, location of herb, growth stag- 
es, climatic conditions, distillation conditions, and 
the analyzed part of the plant are involved in variation 
of lavender and marjoram EO components [18]. 

Lavender and marjoram oil had antibacterial ac- 
tivity against the bacteria in the present study which 
are prevalent bacteria on organic farms [13]. Anti- 
bacterial effects of Lavender and marjoram oil has 
been reported against E. coli [1,18,19] and S. aureus 
[1,8,21,22]. Thus we hypothesized that lavender and 
marjoram oil are effective antibacterial agents against 
pathogens causing bovine mastitis. In the current 
study, we showed that lavender and marjoram oil 
could kill all tested bacteria. The MIC of marjoram oil 
for all tested bacteria obtained was lower than that of 
lavender and lavender + marjoram. In general, mar- 
joram oil exhibited stronger activity than did laven- 
der and lavender + marjoram oil. In agreement with 
our results, Dadalioglu and Evrendilek reported that 
Spanish lavender essential oils had a weak antibacte- 
rial effect [5]. 

In this research, MIC and MBC of lavender were 
3.12% and 6.25% for E. coli and 4.37% and 8.75% for 
S. aureus, respectively. Also, MIC and MBC of marjo- 
ram were 0.62% and 1.25% for E. coli and 1.56% and 
3.2% for S. aureus, respectively. Different values have 
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Figure 2 

Survival curve of S. aureus in milk containing 0% (control, blue) 
and sub-MIC concentration of essential oil of lavender (red) and 
marjoram (green). 

«Values that are significantly (P < 0.05) different within the 
same time are indicated by different letters. 


Figure 3 

Survival curve of S. agalactiae in milk containing 0% (control, 
blue) and sub-MIC concentration of essential oil of lavender 
(red) and marjoram (green). 

«Values that are significantly (P < 0.05) different within the same 
time are indicated by different letters. 


reported for MIC and MBC of lavender and marjo- 
ram. Bouyahya et al. and Gayatri et al. obtained MIC 
values of 0.5% and 0.25% against E. coli for lavender 
and 0.5-2% and 0.5% against S. aureus, respective- 
ly [1,23]. MIC and MBC values of 7.8% and 15.6% 
against E. coli and 1.9% and 7.8% against S. aureus for 
marjoram have reported, respectively [18]. In another 
study, MBC value of marjoram for S. aureus was ob- 
tained 0.25% v/v [24]. The different values of MIC and 
MBC in various studies might be because of the vari- 
able components of EOs and susceptibility of strain. 
Antimicrobial effects of EO is not due to one 
specific mechanism because there are several differ- 
ent chemical groups in the structure of EO. Hydro- 
phobicity of essential oils or their components helps 
them to target the cell membranes of bacteria that 
contain lipid. This property increases the permeabil- 
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ity of membranes, thus contents of cell leak [12]. An 
outer membrane is present in Gram-negative bacte- 
ria that prevent penetration of essential oils into cells. 
Moreover, periplasmic extracellular enzymes might 
deactivate anti-microbial components of essential oil 
[25]. Thus we expected that essential oils to be more 
effective against Gram-positive S. agalactiae and S. au- 
reus than Gram-negative E. coli but, MIC and MBC of 
S. aureus and S. agalactiae was higher than E. coli in 
all treatments except marjoram that MIC and MBC of 
S. aureus were lower than E. coli. Our results from the 
MIC and MBC indicated that the most sensitive mi- 
croorganism against lavender and lavender + marjo- 
ram was E. coli and against marjoram was S. aureus. In 
agreement with our findings, in a previous study, MIC 
of lavender EO was higher against S. aureus than E. 
coli [1]. Similar to our finding, Tunisian marjoram EO 
showed a higher MIC and MBC against E. coli than 
S. aureus [18]. In contrast, MIC of marjoram against 
S. aureus was one fold upper than that of E. coli [26]. 
Essential oils of Plant potentially have several antimi- 
crobial constituents. Comparing the findings of dif- 
ferent researches is difficult because they use different 
bacterial strains, test methods, and source of antimi- 
crobial samples. The great variability of composition 
of the essential oil can be attributed to the extraction 
method of the EO, geographical region, variety, and 
plant age [27]. 

We further carried out a time-kill curve set of 
tests, to ascertain time of inhibition or killing these 
pathogens. Lavender and marjoram oil displayed a 
bacteriostatic effect in the first 2 h and bactericidal ef- 
fect between 4 and 24 h. Lavender and marjoram oil 
at sub-MIC caused a ~2.0 log10 cfu/ml reduction of S. 
aureus, S. agalactiae and E. coli within 24 h (Figures 
1, 2, and 3). 

Mullen et al. reported the antimicrobial effect of 
an herbal intra-mammary product on mastitis-caus- 
ing bacteria and declared that the antibacterial ef- 
fect of the formula might be due to Thymus vulgaris 
(thyme) [28]. 

In conclusion, essential oil of marjoram had 
greater antibacterial activity than lavender on the 
mastitis-causing bacteria (S. aureus, S. agalactiae, and 
E. coli). Results of this research showed that marjoram 
EO might be effective as an alternative or adjunct to 
antibiotic therapy to control bovine mastitis. Howev- 
er, further in vivo tests are needed to evaluate the ef- 
ficiency on treatment of bovine mastitis and potential 
side effects on the mammary gland tissue. 


Material and methods 


Essential oils 


Lavender and marjoram EO were purchased from Barij Es- 


sence Pharmaceutical Company, Kashan, Iran and Giah Essence 
Agro-Industry & Phytopharm Company, Gorgan, Iran, respec- 
tively. 


Analysis of Chemical Composition of the Essen- 
tial Oils 


GC/MS analysis was performed using an Agilent 7890B gas 
chromatograph coupled to a mass detector (Model 5977A, Agi- 
lent Technologies, USA) and a HP-5MS capillary column (phenyl 
methyl siloxane, 30 m x 0.25 mm ID 0.25 um, Agilent Technolo- 
gies). The temperature of injector was 270°C, and the temperature 
of oven was raised from 60°C (0 min) to 200°C by a rate of 5°C 
/min. The analysis was performed using helium as a carrier gas 
while the flow rate was adjusted to 1 mL/min and injection volume 
(lul). The interface temperature was set at 280°C and mass range 
was 35 - 500 m/z. 


Bacterial strain 


The activity of the EOs was tested toward three major masti- 
tis bacteria including Staphylococcus aureus (ATCC 9144), Strep- 
tococcus agalactiae (ATCC 13813), and Escherichia coli (ATCC 
25922). These bacteria were obtained as a lyophilized culture from 
Persian Type Culture Collection, Tehran, Iran (PTCC). The lyo- 
philized cultures were grown twice in tubes containing 10 ml of 
Tryptic Soy Broth (TSB) (Biolife, Milano, Italy) at 37°C for 18 - 20 
h (overnight). Afterwards, cultures were diluted with sterile glyc- 
erin (1:5) and stored in micro tubes at - 20°C for our research. To 
obtain fresh bacteria, it was cultured twice in TSB at 37°C for 20h 
followed by streaking on Tryptic Soy Agar (TSA) (Biolife, Milano, 
Italy) slants and incubation under the same conditions. The cul- 
tures were stored at 4°C and sub-cultured monthly [29]. 


Preparation of Inoculum 


Cells were transferred from working cultures to tubes of TSB 
and incubated at 35 °C for 18 h to obtain Bacterial inoculum. Next 
subcultures were performed and incubated at 35°C for 18 h. A 
spectrophotometer (Libra $12, Biochrom Ltd., Cambridge, Lon- 
don) was used to set the bacterial broth cultures to optical density 
(OD) of 0.1 at 600 nm, and a cell concentration of 2.4 x 10" cfu/ml 
for E. coli, 3.4 x 10” for S. aureus and 1.64 x 10" for S. agalactiae 
were obtained. The number of cells in the suspensions was esti- 
mated by duplicate plating from tenfold serial dilutions on TSA 
and counting the colonies after 24 h incubation at 35°C [29]. The 
working inoculum was prepared by 1: 500 dilutions of the primary 
inoculum. 


Milk Preparation 


Milk without antibiotic residues was collected and then auto- 
claved for 15 min at 121°C. 


Determination of MIC and MBC 


Essential oils were diluted (1:1) in dimethylsulphoxide 
(DMSO, Sigma, Germany) and filter sterilized. This dilution was 
used in the antibacterial analysis. Herbal oils alone or in combina- 
tion (1:1) were tested using a modified protocol for broth dilution 
testing according to the Clinical & Laboratory Standards Institute 
(CLSI) instruction [30]. Whole autoclaved milk was used as the 
growth medium. Twofold serial dilutions of the oil dilution were 
performed for the determination of MIC. Treatments were added 
to milk and were vortexed. Total volume of test vials was 1 mL. 
Then 100 ul of inoculum of each bacterium was inoculated into 
each tube. The vials again were vortexed and incubated at 37°C 
for 24 h. Eight 10-fold dilutions were prepared using sterile 0.85% 
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saline solution. The samples were plated on a TSA plate and in- 
cubated at 37°C for 24 h for enumeration of inoculated bacteria. 
The MBC was defined as the lowest concentration without visible 
growth and subsequent concentration was taken as the MIC. Milk 
was cultured alone as a negative control to ensure that autoclaing 
was successful. Milk + bacteria were included as positive control to 
document growth of bacteria in milk. Vehicle control was DMSO 
to evaluate possible antibacterial effect of this solvent. 

The occurrence of synergism/antagonism in antibacterial 
action among the EOs of lavender and marjoram was evaluated 
against mastitis pathogens. For this purpose, the essential oils 
were mixed volume to volume (1:1). 


Bactericidal kinetics of the oils 


Sterile milk was inoculated the sub-MIC of EOs with each 
pathogen in the same way as the above MIC tests. Control sam- 
ples were inoculated milk without EO. Bacterial populations were 
counted at 1, 2, 4, 10, and 24 h of incubation at 37°C for 24 h 
on TSA plates. Each treatment was done in duplicate. Time-kill 


curves were constructed by plotting log10 cfu/ml against time 
(hour). 


Statistical analysis 


All tests were carried out in duplicate. The data were evaluat- 
ed by analysis of variance (ANOVA) and the Tukey’s test using the 
SPSS 18 statistical software (IBM Corp., Armonk, NY, USA) at p 
< 0.05 statistical level. 
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